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What is claimed is: 



CLAIMS 



1. A memory cell having a square feature size of I^pss than 4F 2 
comprising: 
5 a source; 

a substantially vertical channel form^6 over the source; 
a drain formed over the vertical channel; and 
^(X^ 8 substantially horizontal floating gate formed over at 
^ least a portion of the drain, wherein the feature size of the 
10 «j memory cell is not greater than/2F 2 . 



PJ 2. The memory cell of cl^m 1, wherein the source is a buried 
layer . 



;.-3= 



3. The memory cel/of claim 1, wherein the horizontal floating 
gate is a sub lithographic floating gate. 



n 



15 O 4. The memory cell of claim 1, wherein the horizontal floating 
F " gate is sr sub lithographic floating gate defined by a spacer. 



5. ytfhe memory cell of claim 1, wherein the horizontal floating 
:e is a self aligned fl oating gate,. _ — 



*6. A memory cell having a square feature size of less than 4F 2 
20 comprising: 

a source; 

a substantially vertical channel formed over the source; 
a drain formed over the vertical channel; 
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a substantially horizontal floating gate formed over at 
least a portion of the drain; and 

a substantially vertical select gate formed substantially 
perpendicular to the horizontal floating gate in a trench, 
5 wherein the select gate is adjacent to the vertical channel. 

7. The memory cell of claim 6, wherein the memory cell has a 
minimum feature size corresponding to the horizontal floating 
gate and the vertical select gate. 

© 8. The memory cell of claim 6 further comprising a select source 
10 SI and a select drain coupled to the select gate, wherein the select 
TU source, the select gate and the select drain form a select 
s~t transistor. 

nY)9- The memory cell of/6laim 6, wherein the memory cell has a 
^feature size not greater than 2F 2 . 

5p 10. A memory cell having a square feature size of less than 
4.5F 2 comprising: 

a first transistor cogfcrising a source, a drain and a gate; 

and 

a select transistor/ coupled to. the first transistor, 
20 comprising a source, a /irain and a gate, wherein the gate of the 
select transistor is formed substantially perpendicular to the 
gate of the first transistor. 





11. The memory cell of claim 10, wherein the drain of the first 
transistor has an upper surface and a lower surface and the 
25 source of the first transistor has an upper surface and a lower 
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surface and the upper surface of the source of the first 
transistor is located below the lower surface the drain of the 
first transistor. 



12. The memory cell of claim 10, wherein the source and drain of 
the first transistor are shared as the source and drain of the 
select transistor . 



10 X; 



13. A memory device having a squai^ feature size of less than 
4F 2 comprising: 

a first n-type layej 
^j)h a p-type layer^(5rmed over the first n-type layer; and 
\y a second n^tfype layer is formed over the p-type layer, 
wherein the^-type layer forms a substantially vertical channel, 
whereip^the memory device has memory cells having feature size of 
l&ete than 4F 2 . 



15 S 14. The memory device of c 

Its'!* 

O layer forms a buried sourc 
drain. 




13, wherein the first n-type 
the second n-type layer forms a 



x 15. A memory device having a squ^e feature size of less than 
4F 2 comprising: 

20 a horizontal first n-J/^pe layer formed over a substrate; 

^ fvC 3 ^" t ^ e ia y er f^^d over the first n-type layer; 

\]r a horizontal s%ex>nd n-type layer is formed over the p-type 
layer; 

a horizorftal floating gate formed over the substrate; and 
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a vertical selecjr gate formed over the substrate, wherein 
\0^he P~tyP e layer faons a vertical channel, the first n-type layer 
^orms a buried scarce and the second n -t-yp^ l^y^r fn.rm ^n.-drn. w 



16. The memory device of claim 15, wherein the vertical select 
gate is formed substantially perpendicular to the horizontal 
floating gate. 



**17. A memory device having a square/ feature size of less than 
% 4F 2 comprising: 

) a buried source formed ovB/a substrate; 



10 S 



15 ffi 



a vertical channel formed 
a drain formed over the 



5v4r the buried source; and 
;ical channel, wherein the 



vertical channel is formed using epitaxial deposition 



*18. A memory device having a square featupe size of less than 
4F 2 comprising: 

A buried source formed over a s^fistrate; 
a vertical channel formed oy^r the buried source; and 
a drain formed over the y^rtical channel, wherein the 
ertical channel is f ormed/lasing epitaxial deposition. 




20 



19. A memory devic^/naving a square feature size of less than 
4F 2 comprising: 

a buried s6urce formed over a substrate; 

a vertical channel formed over the buried source; 

a dr^in formed over the vertical channel; 

a/floating gate formed over the substrate; and 
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a select gate formed perpendicular to the floating gate in a 
trench formed in the /substrate, wherein the memory device has a 
square feature sizg of less than 4F 2 . . ... . 




10 €) 



20. A memory device having a square feature size of less than 
4F 2 comprising: 

a substrate having at least /one semiconductor layer; 

a first n-type layer formecy over the substrate; 

a p-type layer formed over /the first n-type layer; 

a second n-type layer formed over the p-type layer; 

a floating gate formed over the substrate; 

a trench formed in the siabstrate; and 

a select gate formed on /a sidewall of the trench. 



15 W 



20 



25 



21. A memory device having/a square feature size of less than 
4F 2 comprising: 

a substrate having at/ least one semiconductor layer; 
a first n-type layer /formed over the substrate forming a 
source; 



/ 

a p-type layer formed over the first n~type layer forming a 

vertical channel; / 

H 

a second n-type la^er formed over the p-type layer forming a 

dram; y 

/ 

a tunnel oxide layer formed over the n-type layer; 

/ 

a first poly layer formed over at least a portion of the 

I 

tunnel oxide layer; / 



trenches formed/ in the substrate; and 

a select gate formed on sidewalls of the trenches, 

/ 
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V 2 2. A memory device having a squjare feature size of less than 

4F 2 comprising: 

a substrate having at least/Zone semiconductor layer; 
a buried source formed ove| the substrate; 
a vertical channel formed tver the buried source; 
a drain formed over the vertical channel; 
a tunnel oxide layer formed over the drain; 
a self aligned floating gite formed over the tunnel oxide 

layer; 

a trench formed in the substrate; 
an active trench formed in the substrate; and 
a select gate formed alorjg sidewalls of the active trench 

area . 




15 f-i 



20 



25 



•23. 

4F 2 




A memory device having a square ^e"ature size of less than 
comprising: 

a first n-type layer formedyoVer a substrate; 
a p-type layer formed ove/ the n-type layer; 
a second n-type layer t/imed in the p-type layer; 
a select trench is farmed in the substrate; 
a vertical select g/te is formed in the select trench; 
digitlines are formed over the second n-type layer; 
a self aligned/floating gate formed over the n-type layer; 



and 



wordlines formed over the substrate and the digitlines. 



k 24. A memo/y device having a square feature size of less than 

4F 2 comprising: 

a /ixst n-type layer formed over a substrate; 
p-type layer formed over the n-type layer; 
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a second n-type layer formed in the p-type layer; 
a select trench is formed in the substrate,* 
a vertical select gate is formed in the select trench; 
a conductive layer is formed over at l^ast a portion of the 
second n-type layer; 

a first spacer is formed on the tuo^sten layer; 
a tunnel oxide layer formed over/at least a portion of the 
^* ^ubstrate; 

a polysilicon layer formed oji the tunnel oxide layer; and 
10 ^ an oxide layer formed on 1^ne polysilicon layer. 

Sf 25. The memory device of plaim 24, wherein the conductive layer 
flJ is a tungsten layer. 

IP *26. A memory device/fiaving a square feature size of less than 
4F 2 comprising: 

15 W a* first n-type layer formed over a substrate, forming a 

S source; 

P a p-type^ layer formed over the n-type layer; 

a second n-type layer formed in the p-type layer, forming a 
drain; 

20 a ^elect trench is formed in the substrate; 

select gate is formed substantially vertical in the select 
trench, wherein the memory device has a feature size 
substantially less than A..J3FLj3JCJ^ = - 

27. The memory device of claim 26, further comprising a tunnel 
25 oxide layer formed over the substrate. 
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28. The memory device of claim 27 , further comprising digit lines 
and wordlines formed over the substrate. 

29. The memory device of claim 28, wherein the wordlines are 
above the digitlines. 

5 30. The memory device of claim 29, wherein the wordlines 
comprise a poly-WSi layer. 

31. The memory device of claim 30, wherein the digitlines 

#i comprise at least one tungsten layer. 

in 

fy 32. The memory device of claim 31, wherein the digitlines are 

10 sjt above at least a portion of the drain. 

^ 33. The memory device of claim 32 further comprising a spacer 
id formed between the digitlines and the wordlines. 

O 34. The memory device of claim 26, wherein the drain is doped 
* with Boron. 



15 35. The memory device of claim 26, wherein the floating gate 
comprises tunnel oxide, polysilicon and oxide layers. 



36. The memory device of claim 26, wherein the floating gate is 
self aligned. 



20 V37. A method of fabricating a^memory device having a square 
feature size of 2F 2 cpigpti^ong : 
providing a substj/^te; 
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forming a first n-type layer over the substrate; 

forming a p-type layer over the first n-type layer; 

forming a second n-type layer over the p-typ^/layer ; 

forming a floating gate over the substrate^ 

5 etching a trench in the memory device; aj/d 

forming a select gate in the trench. 

38. The method of claim 37, wherein fanning a first n-type layer 
over the substrate comprises forming p buried source over the 
^ substrate. 

L-i 

10 39. The method of claimA37, wherein forming a first p-type layer 
flj over the first n-type ldy^*^ comprises forming a first p-type 
layer over the first n-type /layer using epitaxial deposition. 



15 % 



40. The method of claiij/37, forming a p-type layer over the 
first n-type layer coipprises forming a vertical channel over the 
first n-type layer. 



*~ v 41, A method of /fabricating a buried source comprising: 
providing/a wafer having a substrate; 
covering' a periphery of a wafer using an array mask; 
doping/ source areas with a dopant; and 
20 performing an epitaxial deposition to form a p-type channel, 

wherein/performing an epitaxial deposition to form a p-type 
channea comprises performing an epitaxial deposition to form a p- 
tyPy channel to a determined thickness, wherein the thickness 
determines a channel length. 
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42. The method of claim 41, wherein doping source aweas with a 
dopant comprises doping source areas with As, 

43. The method of claim 41, wherein doping source areas with a 
dopant comprises doping source areas with Sb^ 



10 



is lu 



'car 



44. A method of fabricating a memory de/ice having a square 
feature size of less than 4F 2 comprisj 

providing a wafer having a substrate; 

forming a buried source over wie substrate; 

forming a vertical ch^nn^d c/ier the buried source; 

performing a cell imjj 

forming a tunnel oxide i&yer over the substrate; 
forming a first poly Layer over the tunnel oxide layer; 
forming a nitride layer over the first poly layer; 
patterning wordlines into the memory device; 
forming STI area/ in the memory device; 
removing the n/tride layer; and 

forming an o/ide nitride oxide layer over a surface of the 
memory device. 



45. The method of claim 44, wherein forming STI areas in the 
20 memory deylce further comprises etching the nitride layer and 
etching /he first poly layer. 



46. /The method of claim 44, wherein forming STI areas in the 
mepfory device further comprises depositing a STI oxide over the 
STI areas and filling the STI areas with a field oxide. 
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47. The method of claim 44, further comprising: 

polishing a surface of the memory device using $^hemical 
mechanical polishing to make the surface planar. / 

'48. A method of fabricating a memory device having a square 
feature size of less than 4F 2 comprising: / 

providing a wafer having a substrate;/ 

forming a buried source over the substrate; 

forming a vertical channel over XMe buried source; 

forming a STI area and a self aligned floating gate; 

depositing a BPSG layer over The substrate; 

depositing a hardmask layer/over the BPSG layer; 

patterning active pJ^a^ tor form an active trench; 

forming first spack*4 aLOng sidewalls of the active trench; 

forming a drain in the/active trench; and 

forming a wordline o/er the drain. 

49. The method of claam 48, further comprising performing RTP on 
the memory device and polishing the surface of the memory device 
prior to depositing a hardmask layer. 

50. The methoef of claim 48, wherein patterning active areas 
further comprises etching through the hardmask layer, the BPSG 
layer, an ofxide nitride oxide layer and a first poly layer. 

51. The method of claim 49, wherein forming first spacers 
comprises depositing a first spacer layer and etching the first 
spacer layer thereby leaving the first spacers along the 
sidewalls of the active trench. 
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52. The method of claim 48, further comprising: 

forming a TiN layer over the active trench; and/ 
forming a TiSi layer over the active trench. 



/ 



53. The method of claim 48 further comprising: 

performing a RTP on the memory device pylor to forming a 
wordline. 



54. The method of claim 48, wherein forpfing a wordline 
comprises: 

10 jg depositing a wordline layer over/the active trench; 

polishing the wordline. layer s^ch that the wordline layer is 
planar to the hardmask la/fc^g^and 

removing a portion da^the wordline layer such that a lower 
portion of the wordline layer /emains. 



15 lu 



55. The method of claim 5U wherein removing a portion of the 
wordline layer comprises Removing substantially half of the 
wordline layer. 



56. The method of cl&im 48, further comprising depositing a 
second spacers over/ the wordline. 



20 



25 



57. A method of/ fabricating a memory device having a square 
feature size of. about 2F 2 comprising: 

forming ^active areas in a substrate; 
forming a floating gate layer over the substrate; 
patterning rowlines in the memory device; 
fc^ming a removable spacer over the rowlines; and 
Etching a select trench in the substrate. 
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58. The method of claim 57 further comprising; 
removing the removable spacer; 

forming a select transistor oxide layer over th^/select 
trench; 

5 forming a second poly layer over the surfac^ of the memory 

device; 

forming a conductive layer over the seo6nd poly layer; and 
patterning the second poly layer and/the conductive layer. 

59. The method of claim 58, wherein forming a conductive layer 
10 ^: over the second layer comprises forcing a WSi x layer over the 

HI second poly layer. 



60. The method of cla£raf\5|, Wherein forming a second poly layer 
over the surface of the meiWry device further comprises forming 
the second poly layer in p\e select trench to form a select gate, 



15 9 61. A method of fabricating a memory device having a square 
S feature size of lessr than 4F 2 comprising: 
^ forming a soi/rce; 

forming a drain; 
forming ar floating gate layer; 
20 forming rowlines; 

forming a trench; 
forming a select trench; and 
orming a select gate. 



6/. The method of claim 61, wherein forming a source comprises 
25 /forming a n-type layer over a substrate. 
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63. The method of claim 61, wherein forming a drain comprises 
forming a n-type layer over the source. 

64. The method of claim 61, wherein forming a floating gate 
layer comprises: 

5 forming a tunnel oxide layer; 

forming a polysilicon layer over the tuno^l oxide layer; and 
forming an oxide layer over the polysilicon layer. 

65. The method of claim 61, wherein fuming a select gate 
S comprises: 

10 W forming an oxide layer in the/select trench; and 

m filling the select t^efich wifth polysilicon. 

1 IP/ 

1= 66. The method of claim 61 ^further comprising forming 

^ digitlines, wherein the di^itlines are located above the 

1=1 rowlines. 



15 Q ^67. A system comprising: 

^ a plurality aft memory devices, wherein at least one of said 

plurality of meirfory devices have a square feature size of less 
than 4F 2 and obmprise: 
a/source; 

a channel formed substantially vertical over the 



20 



25 



source;/ 

a drain formed over the channel; and 

a floating gate formed substantially horizontal over at 
l/ast a portion of the drain, wherein the feature size of the 
^memory device is substantially less than 4.5F 2 . 
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68. A computer system comprising: 
at least one processor; 
a system bus; and 

a memory device coupled yS the system bus, the memory device 
including at least or^memp-fy cell having a square feature size 
of less than 4F 2 and (pm%xr±sing : 

a buried source formed in a substrate; 

a vertijzal channel formed over the buried source; 



10 and 



a y^elf aligned floating gate formed over the substrate; 
a select gate in a select trench formed in the 



substrate , 




- 35 - 



